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Saturated hydrocarbonsAbstract A simple, fast, repeatable, and less laborious sample-preparation protocol based on gas
chromatography–mass spectrometry was developed and applied for the analysis of bioactive com-
pounds derived from the ﬁlamentous fungus Aspergillus niger strain SS10. The match factors for the
spectra of the samples with reference to the mass-spectral library of fungal volatile compounds were
determined and used to study the complex hydrocarbons and other volatile compounds that were
separated using two different capillary columns and nonpolar and medium-polar stationary phases.
More than 295 volatile compounds (spectral match factor of at least 90%), such as normal satu-
rated hydrocarbons (C7–C30), cyclohexane, cyclopentane, fatty acids, alcohols, esters, sulfur- and
bromo-containing compounds, simple pyrane, and benzene derivatives, were identiﬁed. Most of
these compounds have not been reported earlier. The method described in this article is a suitable
research tool for the determination of volatile compounds from the cultures of A. niger.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Fungi are well-known producers of bioactive compounds with
antibiotic, growth-regulating, toxic, mutagenic, immunosup-
pressive, enzyme inhibitory, and other biological effects (Keller
et al., 2005; Pelaez, 2005). Recent reports estimate the presence
of about 1.5 million fungal species worldwide. Among these,
approximately 10% of the species have been discovered and
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spectrum of secondary metabolites (Weber et al., 2007). The
term ‘secondary metabolism’ denotes the biochemical pro-
cesses underlying the formation of fungal metabolites, such
as toxins, antibiotics, and immune-suppressing agents (Hoff-
meister and Keller, 2007). Some secondary metabolites often
have obscure or unknown functions in the organism that pro-
duces them, but they have remarkable importance with refer-
ence to humankind. Some of these compounds have
beneﬁcial applications in the medical, industrial, and agricul-
tural ﬁelds.
Aspergillus niger is a ﬁlamentous ascomycetous fungus that
is ubiquitous in the environment, where it has been implicated
in opportunistic infections of humans (Baker, 2006). A. niger is
most widely known for its role as a producer of citric acid
(Magnuson and Lasure, 2004). Industrial citric acid produc-
tion by A. niger represents one of the most efﬁcient, highest-
yielding bioprocesses currently used by industry. As a common
member of the microbial communities found in soils, A. niger
plays a signiﬁcant role in the global carbon cycle. Moreover, A.
niger has a remarkably versatile metabolism, enabling growth
on a wide range of substrates under various environmental
conditions. Its ability to degrade a range of xenobiotics
through various oxidation, hydroxylation, and demethylation
reactions provides immense potential for use in bioremediation
(Raj et al., 1992). In the ascomycetous fungus A. niger, the for-
mation of secondary metabolites is correlated with arrest of
growth and onset of reproduction (sexual and asexual). A
wealth of information is available on the genetic basis regulat-
ing these processes (Yu and Keller, 2005; Calvo et al., 2002).
The determination of volatile compounds is usually carried
out by gas chromatography–mass spectrometry (GC–MS) be-
cause of their powerful separation capability and highly sensi-
tive detection performance. Volatile compounds are known to
belong to numerous structure classes, such as hydrocarbons,
esters, ethers, alcohols, ketones, lactones, and glycol ethers
(Korpi et al., 2009; Schnu¨rer et al., 1999). Less volatile com-
pounds and reactive compounds such as amines, phenols, alde-
hydes, and unsaturated hydrocarbons are not recovered
efﬁciently due to their strong adsorption to the column
material.
After extraction and separation by GC on nonpolar to
medium-polar stationary phases, the constituents of complex
mixtures of volatile compounds can be detected by ﬂame ion-
ization detection (Elke et al., 1999) or MS, which is widely
used nowadays (Hynes et al., 2007). Detection by MS offers
the possibility of identifying individual volatile compounds in
complex mixtures. Characterization of structure and conﬁrma-
tion of identity are usually achieved by comparison of the mass
spectra with library spectra and determination of the chro-
matographic retention indexes (Jelen´, 2003; Oprean et al.,
2001).
Faull et al. (1994) have reported that the separation and
quantitative determination of a wide variety of organic and
inorganic components in microorganisms are carried out by
chromatographic methods. The more profound knowledge of
the character and quantity of molecules present in microorgan-
isms thus obtained facilitates the understanding of the bio-
chemical procedures and are exploited in various
biotechnological processes. Advances in the ﬁeld of molecular
biology to support the identiﬁcation of unknown or obscure
volatile compounds. At present, analysis by GC–MS is essen-tial for the identiﬁcation of natural organic compounds ob-
tained from cultures of A. niger. Usually, determination of
volatile compounds, such as aromatic compounds, fatty acids,
general hydrocarbons, and hydroxy or amino metabolites is
achieved using GC–MS techniques. In this study, we aim to
detect a wide range of volatile compounds from the cultures
of A. niger strain SS10 by the application of two different cap-
illary columns with nonpolar and medium-polar stationary
phases.2. Materials and methods
2.1. Identiﬁcation of strain SS10 as a novel A. niger strain
2.1.1. Morphological examination of strain SS10
The sampling site was located at Labu Kubong, Sungai Man-
ik, which belongs to ‘‘Pusat Pertanian Sungai Kerawai,’’ Teluk
Intan Perak, Malaysia. A steel handle was used to push out the
soil-core samples, which were separated out from the tubular
auger with a sterilized blade or knife. From these soil cores,
approximately 400 g of samples were taken out and placed in
labeled containers, covered with lids, and brought to the labo-
ratory. Next, 100 mL distilled water was added to 0.1% (w/v)
bactoagar (Difco, USA) sterilized at 121 C/1.05 kg/m2 for
15 min to make the stock solution. A stock solution of 10 g soil
in 10 mL of sterile distilled water solution was placed on an
orbital shaker set at 210 rpm for 20 min; 1 mL of this solution
was added to 9 mL of water for the ﬁrst (10–1) dilution. After
preliminary trials, the 10–3 dilution solution was used for fur-
ther experiments. One mL of this diluted soil solution was
pipetted out and plated into Petridishes, followed by the addi-
tion of 9 mL of sterilized Rose Bengal Agar. The Petridish was
swirled manually before solidiﬁcation and incubated at room
temperature (28 ± 2 C). Strain SS10 was grown on a plate
of potato dextrose agar (PDA; Difco, USA) medium at
30 ± 2 C for seven days. The growth and color of the mycelia
were observed daily, in addition to the changes in the media
color for each isolate. The spore-producing ﬁlamentous fungi
were detected and identiﬁed up to the levels of genus and spe-
cies based on their morphological characteristics, as previously
described (Klich, 2002). Slide cultures were prepared and
viewed under a light microscope.
2.1.2. Molecular analysis of strain SS10
Culture of strain, collection of mycelium, and DNA extraction
were carried out as previously described by Siddiquee et al.
(2010). The internal transcribed spacer (ITS)-1 and -2 regions
of the rDNA gene were ampliﬁed by the polymerase chain
reaction (PCR) using the following two primers: forward pri-
mer, ITS1 (50-TCC GTA GGT GAACCT GCG G-30), and re-
verse primer, ITS4 (50-TCC GCT TAT TGA TAT GC-30).
PCR reactions were carried out in a Thermocycler (PTC-200,
BioRad) and subjected to an initial denaturation at 95 C for
5 min, followed by 36 cycles of denaturation at 94 C for
1 min, annealing at 55 C for 1 min, and extension at 72 C
for 3 min. A ﬁnal extension step at 72 C for 10 min was also
included. The PCR products were then stored at 4 C and sub-
jected to electrophoresis on 1.7% agarose gels. The PCR prod-
ucts were puriﬁed using a commercial kit (QIAquick PCR
Puriﬁcation Kit, Canada) using the procedures described by
the manufacturer. The puriﬁed PCR products (30 lL) were se-
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Figure 1 Phylogenetic trees showing relationship of strain SS10
with other related fungal species retrieved from GenBank based on
their sequence of the ITS 1 and 2 regions of the rDNA.
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kit (Applied Biosystems) on an ABI 3130 DNA sequencer.
The sequences obtained were submitted to the GenBank to ob-
tain an accession number. This was followed by a similarity
search using BlastN (http://rdp.cme.msu.edu; and http//ncbi.
nim.nih.gov). The sequences of the ITS regions were aligned
with those of related fungal strains retrieved from the
GenBank databases using ClustalX. A phylogenetic tree was
constructed from the evolutionary distance data using MEGA
software version 4.1 (Kumar et al., 2008).
2.2. Extraction procedure
A. niger strain SS10 was grown on PDA (Difco, USA) at
30 ± 2 C for seven days and obtained as mycelia in a liquid
culture of potato dextrose broth (PDB) (Difco, USA), pre-
pared as per the manufacturer’s instructions. Aliquots of the
media (250 mL) were decanted into individual 1000-mL Erlen-
meyer ﬂasks, closed with cotton wool stoppers placed over the
ﬂask mouths, and then autoclaved at 121 C and 1.4 kg cm1
for 15 min. After the ﬂask cooled down, the fungal mycelium
on the culture plates was cut in disks, 5 mm in diameter, and
placed in the center of the broth-cultured ﬂask. The cotton
wool stoppers were then wrapped with aluminum foil, sealed
with paraﬁlm, and incubated at 30 ± 2 C (12-h-darkness/
12-h-light cycle) on a rotary shaker for 14 days at 120 rpm
for the culturing of A. niger.
The cultured inoculums of A. niger were processed accord-
ing to the extraction procedures, shown in Supplementary
Fig. 1, to collect broth containing both extracellular (excreted
into the medium) and intracellular volatile compounds. Then,
225 mL of ethyl acetate were added into the inoculums cul-
tured in an Erlenmeyer ﬂask, and the mixture was incubated
overnight to ensure that the fungal cells died. The mixtures
were then applied to UltraTurrax homogenizer for 10 min
(for cell destruction), followed by ﬁltration using a Bu¨chner
vacuum separation funnel. The extracted mycelia (cell debris)
were thrown away, and the ﬁltrate containing the ethyl acetate
phase was collected for further processing.
The ethyl acetate phase was washed with distilled water
twice. The ethyl acetate extracts were diluted in 100-mL each
of methanol and n-hexane to remove fatty acids (polar ele-
ments) and other nonpolar elements. The solvents were then
separated using a Bu¨chner vacuum separation funnel. The sol-
vents were evaporated at 40 C on a rotary evaporator–shaker
until a 5-mL solvent volume was reached; then this sample was
immediately used for GC–MS analysis or stored in the deep
freezer at 20 C. Each solvent was subjected to three replica-
tions in the experiments.
2.3. Apparatus and chromatography conditions
Separation of hydrocarbons and other volatile compounds was
achieved using a gas chromatograph (Shimadzu Lab Solution,
Japan), equipped with a QP5050A MSD mass-selective detec-
tor. GC–MS analyses were conducted with ionization energy
of 70 eV.
Putative identiﬁcation of the volatile compounds was
accomplished by simply carrying out two different chromato-
graphic runs using two capillary columns with different sta-
tionary phases:1. Nonpolar column-BP1: 30 m · 0.25 mm · 0.25 lm; oven
program was initial temperature: 60 C for 1 min, rate
of temperature increase: 10 C/min up to 300 C, ﬁnal
hold: 300 C for 5 min; injector temperature was main-
tained at 300 C (splitless); and detector temperature
was 320 C.
2. Medium-polar column-BP10: 30 m · 0.25 mm · 0.25 lm;
oven program was initial temperature: 50 C for 0.5 min,
rate of temperature increase: 10 C/min up to 245 C, ﬁnal
hold: 245 C for 5 min; injector temperature was main-
tained at 240 C (splitless); and detector temperature was
260 C.
Three replications were conducted for each column in these
experiments.
The carrier gas was nitrogen (N2) at a linear ﬂow rate of
25 cm/s. The MS detector was operated at 194 C. The scan
range was from 35 to 450m/z at a scan rate of 0.50 scan/s. Sol-
vent delay was 15 min. To check the purity of each GC peak,
the mass spectra were obtained from samples corresponding to
various parts of each peak. Normal saturated hydrocarbons
(C7–C30), cyclohexane, cyclopentane, fatty acids, alcohol, ben-
zene derivatives, and other compounds were putatively identi-
ﬁed by mass-spectral database search (National Institute of
Standards and Technology (NIST)/Environmental Protection
Agency/National Institutes of Health databases), followed by
matching with the spectra of the MS library. All volatile com-
pounds showing mass spectra with match factors P90% were
included in a ‘‘positive list’’ of tentatively identiﬁed com-
pounds. Fourier-transform infrared spectroscopy (FT-IR)
was used to investigate and predict any physiochemical inter-
Figure 2 The parts (A, B, C, D, E and F) of gas chromatography coupled with mass spectrometry (GC–MS) of volatile compounds
identiﬁed from the cultured A. niger (strain SS10) isolate using capillary columns with nonpolar stationary phases. The identiﬁed peaks
shown in Table 1.
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spectra obtained from these samples were compared and inter-
preted with reference to the signiﬁcance of the shifts in the
peaks of the functional groups.
2.4. Reagents
Ethyl acetate, n-butanol, n-hexane, and methanol (both of high
purity: 99.99%) were obtained from Baker (USA) and were
checked by GC–MS before being used in the analysis for vol-
atile metabolites.3. Results and discussion
3.1. Morphological characteristics
Colonies growing on PDA at 30 ± 2 C are primarily white,
quickly becoming black with conidial production (Supplemen-
tary Fig. 2a). The reverse is pale yellow, and growth can pro-
duce radial ﬁssures in the agar. Hyphae are septate and
hyaline, while the conidial head is large, globose, and dark
brown, becoming radiate and tending to split into several loose
columns with age. The conidial head is biseriate (vesicles
Fig. 2 (continued)
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iogenous phialides; Supplementary Fig. 2b). Conidiophores
are long, smooth, and hyaline, becoming darker at the apex
and terminating in a globose vesicle. Metulae and phialides
cover the entire vesicle. Conidia are dark brown to black, very
rough-walled, and globose to subglobose.
3.2. Molecular analysis
The ITS-1 and -2 regions of the rDNA of strain SS10 was suc-
cessfully ampliﬁed by PCR, with the expected fragment sizes of
500 bp. After sequencing the PCR product, the newly identi-
ﬁed sequence was deposited into the GenBank database under
the following Accession No. HQ401273. A BLAST searchagainst the GenBank or proprietary fungal DNA databases
showed that the rDNA sequence of strain SS10 showed 99%
similarity with a 603-bp ITS region of A. niger. A phylogenetic
relationship was established through the alignment and cladis-
tic analysis of homologous nucleotide sequences among these
fungal species (Fig. 1). Strain SS10 was shown to be the closest
to the genus Aspergillus. According to this phylogenetic anal-
ysis, strain SS10 was classiﬁed under the genus Aspergillus as
a variant of Aspergillus niger.
3.3. Identiﬁcation of volatile compounds from fungal strain SS10
The principle aim of this study was to develop a simple and
reliable method for the investigation of volatile compounds
Figure 3 The parts (A and B) of gas chromatography coupled with mass spectrometry (GC–MS) of volatile compounds identiﬁed from
the cultured A. niger (strain SS10) isolate using capillary columns with medium polar stationary phases. The identiﬁed peaks show on
Table 2.
248 S. Siddiquee et al.excreted by the cultured A. niger (using typical solvents). Cul-
tivation of the fungus was carried out under incubation to
avoid oxygen limitation during fungus growth and to allow
sample extraction, chromatographic separation, and MS
detection. To reduce the risk of variations in the mixtures
caused by manual handling of the extraction procedures be-
fore addition of chemicals and GC–MS analysis, the GC–
MS data were deconvoluted using the NIST software, and
the measured mass spectra were matched with entries in the li-
brary of chemical compounds. The FT-IR spectrum of the A.
niger extract in ethyl acetate showed bands ranging from 250
to 4000 cm–1, corresponding to the stretching vibrations of
the general alkyl group, hydroxy alkyl group, general hydroxyl
or amino compound, aliphatic primary, secondary, or cyclic
hydroxy alcohol, and carboxyl compound, respectively (Sup-
plementary Fig. 3).
Aspergillus niger grown on PDB media produced a wide
variety of volatile compounds. More than 367 chromato-
graphic signals could be detected, and more than 295 volatile
compounds were identiﬁed. After subtraction of the sample
signal, the most signiﬁcant signals with high abundance (typi-
cal total ion current plot peak area > 6 · 106 units) are listed
in Tables 1 and 2. Numerous minor peaks were found
(<0.1%) and could not be identiﬁed. Thus, saturated andunsaturated hydrocarbons (heptane, isoprene, and octatri-
enes), aromatic hydrocarbons (styrene, phenols, and anisoles),
alcohols, aldehydes, ketones, ethers, esters, mono-, sesqui-,
and diterpenes (b-myrcene, b-farnesene), in addition to a vari-
ety of nitrogen, ﬂuoro, iodo, and sulfur compounds, could be
detected. Based on the knowledge that alcohols, ketones, al-
kenes, and esters can be quantiﬁed by the method, it was ap-
plied to the detection of volatile compounds. Matysik et al.
(2009) reported that only alcohol groups such as 2-methyl-1-
propanol, 3-methyl-1-butanol, and 2-methyl-1-butanol were
found in most of the fungal species. Fiedler et al. (2001) also
showed that A. niger mainly produced the C8-compounds 1-
octen-3-ol, 3-octanone, and 3-octanol. The production of
unsaturated hydrocarbons such as isoprene, 3-methyl-1,3,6-
hexatriene, 1,3,5-heptatriene, and tris(methylene)cyclohexane
was also found in A. ochraceus.
Separation of the compounds isolated from A. niger was
conducted using two different capillary columns. The ﬁrst col-
umn (BP1) allowed the reasonable retention of the low-volatil-
ity compounds; however, other components were not
separated and passed through into the second column (BP10)
while the volatile compounds were detected. In Figs. 2 and
3, the chromatograms obtained from nonpolar and medium-
polar column chromatography of the volatile compounds are
Table 1 Volatile metabolites identiﬁed from A. niger using n-hexane solvent.
Peak Chemical name Chemical structure RT (min) RI (min) MW Abundance (%)
1 Unknown 6.467 6.383 0.04
2 1,3,5-Cycloheptatriene C7H8 6.783 6.667 92 0.15
3 2-Methylpropyl ester, Acetic acid C6H12O2 7.000 6.908 116 0.16
4 2-Methylhexane C7H16 7.700 7.617 100 0.07
5 2-Methoxy-3-methyl-butyric acid, methyl ester C7H14O3 8.233 8.175 146 0.01
6 Unknown 8.342 8.267 0.04
7 2,5,5-Trimethyl-1-hexene C9H18 8.817 8.750 126 0.03
8 1-octanol C8H18O 8.933 8.867 130 0.03
9 4,6,8-Trimethyl-1-nonene C12H24 9.567 9.500 168 0.07
10 4-Methyloctane C9H20 9.817 9.742 128 0.03
11 Ethylbenzene C8H10 9.908 9.817 106 0.47
12 2,2-Dimethylhexane C8H18 10.092 10.067 114 0.04
13 p-Xylene C8H10 10.275 10.167 106 0.20
14 1,3,5-Trimethylcyclohexane C9H18 10.350 10.333 126 0.05
15 3-Methyl-1-butanol C7H14O2 10.525 10.442 130 0.12
16 1-Ethyl-4-methylcyclohexane C9H18 10.767 10.733 126 0.01
17 4-Methylcyclohexanol C7H14O 10.917 10.850 114 0.01
18 1,3-Dimethylbenzene C8H10 11.058 10.967 106 0.20
19 Unknown 11.108 11.058 0.80
20 Unknown 11.400 11.317 0.02
21 Unknown 11.475 11.408 0.04
22 2,2,3,3-Tetramethylhexane C10H22 11.625 11.542 142 0.08
23 unknown 11.817 11.767 0.01
24 3,5-Dimethyl-octane C10H22 11.892 11.833 142 0.11
25 1-Methylethylbenzene C9H12 12.100 12.008 120 0.22
26 3-Methylnonane C10H22 12.258 12.192 142 0.39
27 Unknown 12.433 12.375 0.20
28 1-Ethyl-2,4-dimethyl-cyclohexane C10H20 12.558 12.525 140 0.00
29 1,1,2,3-Tetramethylcyclohexane C10H20 12.600 12.592 140 0.01
30 5-Tridecene C13H26 12.708 12.675 182 0.03
31 2,7-Dimethyl-1-octanol C10H22O 12.917 12.850 158 0.03
32 4-Ethyloctane C10H22 12.958 12.917 142 0.15
33 n-Propylbenzene C9H12 13.158 13.075 120 0.55
34 4-Methylnonane C10H22 13.217 13.183 142 0.57
35 2-Methylnonane C10H22 13.383 13.300 142 0.37
36 1-Ethyl-3-methylbenzene C9H12 13.448 13.383 120 2.51
37 1,3,5-Trimethylbenzene C9H12 13.564 13.508 120 1.34
38 1,2,3-trimethylbenzene C9H12 13.753 13.650 120 1.15
39 1-Methyl-3-(2-methylpropyl)cyclopentane C10H20 13.933 13.867 140 0.02
40 1-Ethyl-2 methylbenzene C9H12 14.050 13.958 120 1.51
41 5-Decene C10H20 14.117 14.117 140 0.06
42 1- Decene C10H20 14.333 14.267 140 0.41
43 1- Ethyl-2,3-dimethylcyclohexane C10H20 14.525 14.467 140 0.03
44 Decane C10H22 14.617 14.525 142 5.89
45 1,2,4-Trimethylbenzene, pseudocumene C9H12 14.650 14.642 120 2.08
46 2,6-Dimethylnonane C11H24 14.758 14.725 156 0.01
47 n-Tridecane C13H28 14.792 14.783 184 0.01
48 Isooctylvinyl ether C10H20O 14.900 14.842 156 0.05
49 Unknown 14. 967 14.917 0.05
50 Butyl benzene C10H14 15.033 15.008 134 0.01
51 1-Formylethyl benzene C9H10O 15.058 15.033 134 0.07
52 Undecane C11H24 15.150 15.108 156 0.23
53 4- Methyldecane C11H24 15.283 15.225 156 0.55
54 Unknown 15.442 15.358 0.32
55 Unknown 15.551 15.475 1.17
56 1-(4-Methylphenyl)-1-pentanone C12H16O 15.608 15.608 176 0.05
57 Tetradecane C14H30 15.708 15.658 198 0.18
58 Butylcyclohexane C10H20 15.775 15.742 140 0.03
59 3-Methyldecane C11H24 15.833 15.800 156 0.13
60 1-Dodecene C12H24 15.867 15.867 168 0.02
61 1-Butyl-1-methyl-2-propylcyclopropane C11H22 15.925 15.900 154 0.01
62 1-Ethyl-2,4-dimethylbenzene C10H14 15.950 15.950 134 0.01
63 Indane C9H10 16.025 15.975 118 0.12
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Table 1 (continued)
Peak Chemical name Chemical structure RT (min) RI (min) MW Abundance (%)
64 5,5-dimethylundecane C13H28 16.100 16.067 184 0.01
65 1-Ethyl-2,2,6-trimethylcyclohexane C11H22 16.108 16.100 154 0.01
66 4-Methyl-1-undecene C11H24 16.217 16.158 168 0.09
67 Unknown 16.333 16.275 0.13
68 1,2-Diethylbenzene C10H14 16.342 16.333 134 0.14
69 5-Methyldecane C11H24 16.442 16.383 156 0.51
70 1-Methylpropylbenzene C10H14 16.475 16.467 134 0.21
71 3,3-Dimethyloctane C10H22 16.558 16.517 142 0.38
72 1,3-Diethylbenzene C10H14 16.658 16.600 134 0.24
73 2-Ethyl-1,4-dimethylbenzene C10H14 16.700 16.658 134 1.34
74 2-Methyldecane C11H24 16.733 16.733 156 0.17
75 3-Methyldecane C11H24 16.908 16.833 156 0.77
76 1-Methyl-3-propylbenzene C10H14 16.942 16.942 134 0.25
77 2-Methyl-1-undecanol C12H26O 17.058 17.008 186 0.09
78 Unknown 17.183 17.133 0.05
79 Unknown 17.301 17.250 0.41
80 1-Methyl-3-(1-methylethyl) benzene C10H14 17.400 17.358 134 0.39
81 1-Ethyl-1-methylcyclohexane C9H18 17.475 17.458 126 0.04
82 Unknown 17.600 17.517 0.70
83 1-Cyclohexyl-1-(4-methylcyclohexyl) ethane C15H28 17.642 17.642 208 0.00
84 2,3-Dihydr-4-methyl-1H-indene C10H12 17.675 17.658 132 0.01
85 5-(2-Methylpropyl) nonane C13H28 17.683 17.683 184 0.01
86 1-Methyl-4-(1-methylethyl) benzene C10H14 17.742 17.717 134 0.05
87 n-Undecane C11H24 17.916 17.808 156 3.72
88 2,3,6,7-Tetramethyloctane C12H26 17.983 17.958 170 0.05
89 Beta methyl benzenepropanal C10H12O 18.067 18.042 148 0.00
90 1,3-Diethyl-5 methyl benzene C11H16 18.083 18.067 148 0.07
91 Unknown 18.200 18.142 0.09
92 Unknown 18.225 18.200 0.12
93 2,3,6-Trimethylheptane C10H22 18.300 18.267 142 0.05
94 3,4,5,6-Tetramethyl octane C12H26 18.350 18.325 170 0.06
95 4-Methylpropiophenone C10H12O 18.375 18.375 148 0.02
96 Benzaldehyde dimethylacetal C9H12O2 18.433 18.417 152 0.00
97 Unknown 18.467 18.442 0.01
98 2-Syn-methyl-decalin C11H20 18.567 18.542 152 0.03
99 1,2,4,5-Tetramethyl benzene C10H14 18.653 18.600 134 0.60
100 1,2,3,5-Tetramethyl benzene C10H14 18.774 18.700 134 0.78
101 5-(1-Methylpropyl)nonane C13H28 18.908 18.858 184 0.06
102 2-Methyl-1-phenyl-1-butene C11H14 18.925 18.925 146 0.01
103 Unknown 18.992 18.975 0.00
104 Decahydro-2- methylnaphthalene C11H20 19.083 19.025 152 0.02
105 Pentylcyclohexane C11H22 19.108 19.083 154 0.02
106 2-Methyl-3-phenylpropanal C10H12O 19.117 19.117 148 0.00
107 Hexylcyclopentane C11H22 19.167 19.133 154 0.16
108 1-Ethyl-2,4,5-trimethylbenzene C11H16 19.317 19.258 148 0.07
109 Unknown 19.325 19.325 0.01
110 1,4-Dimethyl-2- methylbenzene C11H16 19.375 19.350 148 0.03
111 1-Ethenyl-4-ethyl-benzene C10H12 19.425 19.408 132 0.00
112 Unknown 19.450 19.425 0.04
113 2-Ethylhexyl ester, acetic acid C10H20O2 19.467 19.467 172 0.01
114 3-Ethyl-2-methylheptane C10H22 19.517 19.483 142 0.04
115 5-Methylundecane C12H26 19.558 19.525 170 0.18
116 Unknown 19.700 19.633 0.25
117 Unknown 19.758 19.717 0.40
118 2-Methylundecane C12H26 19.858 19.808 170 0.19
119 Unknown 19.942 19.892 0.08
120 5-Methyleneundecane C12H24 19.950 19.950 168 0.07
121 3,8-Dimethyldecane C12H26 20.050 20.017 170 0.14
122 Unknown 20.108 20.083 0.01
123 Unknown 20.125 20.117 0.02
124 Unknown 20.175 20.158 0.09
125 Unknown 20.308 20.267 0.02
126 2,3,7-Trimethyldecane C13H28 20.375 20.342 184 0.01
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Table 1 (continued)
Peak Chemical name Chemical structure RT (min) RI (min) MW Abundance (%)
127 Unknown 20.400 20.375 0.06
128 5-Dodecene C12H24 20.467 20.442 168 0.01
129 3-Methyleneundecane C12H24 20.517 20.475 168 0.07
130 Unknown 20.633 20.575 0.07
131 3-Tetradecene C14H28 20.799 20.692 196 3.88
132 2,3-Dihydro-4,7-dimethyl-1H-indene C11H14 20.850 20.842 146 0.00
133 1-Ethyl-2,3-dihydro-1-methyl-1H-indene C12H16 20.908 20.867 160 0.01
134 1-Dodecane C12H26 20.992 20.925 170 1.00
135 Azulene C10H8 21.025 21.025 128 0.07
136 Unknown 21.092 21.075 0.02
137 unknown 21.142 21.117 0.01
138 1,2,3,4-tetrahydro-1-methyl-naphthalene C11H14 21.142 21.142 146 0.02
139 2,6-dimethylundecane C13H28 21.300 21.258 184 0.08
140 unknown 21.417 21.358 0.07
141 2,4-Diethyl-1-methylbenzene C11H16 21.667 21.625 148 0.02
142 4,8-Dimethyltridecane C15H32 21.708 21.692 212 0.00
143 6,7-Dimethyl-3(2H)-benzofuranone C10H10O2 21.792 21.758 162 0.01
144 2-Propenoic acid, 2-ethylhexyl ester C11H20O2 21.915 21.800 184 5.38
145 3-Methylhexadecane C17H36 22.067 22.042 240 0.01
146 1-Phenyl-2-buten-1-ol C10H12O 22.158 22.100 148 0.02
147 Unknown 22.175 22.167 0.04
148 6-Methyldodecane C13H28 22.342 22.292 184 0.03
149 Unknown 22.383 22.358 0.04
150 2,3,4-Trimethyldecane C13H28 22.508 22.475 184 0.03
151 2,6-Dichloro-4-nitrophenyl-betaphenylpropionate C15H11Cl2NO4 22.533 22.533 339 0.01
152 Unknown 22.625 22.583 0.02
153 Heptadecane C17H36 22.642 22.625 240 0.03
154 Tridecane C13H28 22.808 22.758 184 0.11
155 Unknown 22.883 22.850 0.01
156 Decanal dimethyl acetal C12H26O2 22.983 22.942 202 0.05
157 2,7-Dimethyl-1-octanol C10H22O 23.000 23.000 158 0.06
158 unknown 23.142 23.075 0.02
159 1,3-Bis(1-formylethyl)benzene C12H14O2 23.200 23.183 190 0.00
160 1,4-Dimethyl-2-(1-methylethyl) benzene C11H16 23.283 23.233 148 0.02
161 Unknown 23.300 23.283 0.01
162 2-Dodecene C12H24 23.325 23.325 168 0.00
163 Pentamethylbenzenesulphonamide C11H17NO2S 23.342 23.342 227 0.01
164 Unknown 23.425 23.383 0.04
165 Unknown 23.480 23.442 0.33
166 Unknown 23.592 23.550 0.01
167 N-Butyl-alphamethyl benzenemethanamine C12H19 N 23.617 23.592 177 0.03
168 1-Iodo-dodecane C12H25I 23.717 23.675 296 0.03
169 1-Methylnaphthalene C11H10 23.808 23.750 142 0.11
170 3,7-Dimethylundecane C13H28 23.842 23.825 184 0.09
171 Unknown 24.025 23.992 0.03
172 2-Hexyl-1-octanol C14H30O 24.083 24.058 214 0.03
173 1,4-Dihydro-1,4-methanonaphthalene C11H10 24.150 24.108 142 0.04
174 2-Propylheptanol C10H22O 24.217 24.183 158 0.03
175 2,3,5,8-Tetramethyldecane C14H30 24.300 24.283 198 0.03
176 1-Heptyl-2-methylcyclopropane C11H22 24.383 24.342 154 0.02
177 2-Hexyl-1-octanol C14H30O 24.458 24.425 214 0.02
178 2,4-Dimethylundecane C13H28 24.517 24.492 184 0.02
179 7-Methylenetridecane C14H28 24.550 24.542 196 0.02
180 2-Hexyl-1-decanol C16H34O 24.617 24.583 242 0.03
181 Tricosane C23H48 24.742 24.708 324 0.03
182 1-1-Dimethyl-2-octylcyclobutane C14H28 24.775 24.750 196 0.16
183 4-Methyl-2-propyl-1-pentanol C9H20O 24.858 24.817 144 0.07
184 2-Butyl-1-decene C14H28 24.900 24.883 196 0.01
185 3-Methyl-5-propylnonane C13H28 24.908 24.908 184 0.03
186 Unknown 24.992 24.950 0.03
187 6-Methyl-1-octene C9H18 25.050 25.025 126 0.01
188 3-Methylenetridecane C14H28 25.150 25.117 196 0.16
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Table 1 (continued)
Peak Chemical name Chemical structure RT (min) RI (min) MW Abundance (%)
189 Trans-4-tetradecene C14H28 25.192 25.175 196 0.03
190 7-Tetradecene C14H28 25.250 25.208 196 0.01
191 1-Pentadecene C15H30 25.347 25.250 210 7.96
192 Unknown 25.419 25.383 0.59
193 1,2,4-Trimethylcyclopentane C8H16 25.492 25.467 112 0.05
194 3-Methyltridecane C14H30 25.517 25.517 198 0.02
195 2-Ethyl-1-decanol C12H26O 25.625 25.592 186 0.01
196 1,4-Dimethyl-naphthalene C12H12 25.675 25.650 156 0.02
197 1-Nonadecanol C19H40O 25.725 25.708 284 0.02
198 2,6-Dimethyl-naphthalene C12H12 25.883 25.867 156 0.01
199 1,5-Dimethylnaphthalene C12H12 25.942 25.917 156 0.00
200 1,8-Dimethylnaphthalene C12H12 26.117 26.100 156 0.01
201 2,6,10-Trimethylpentadecane C15H32 26.183 26.142 212 0.03
202 2,5-Cyclohexadien-1-yl-benzene C12H12 26.192 26.183 156 0.03
203 4-Ethyltetradecane C16H34 26.242 26.225 226 0.02
204 3-Ethyltridecane C15H32 26.342 26.317 212 0.08
205 5-Propyltridecane C16H34 26.433 26.400 226 0.05
206 3-Methyltetradecane C15H32 26.542 26.508 212 0.06
207 2,6-Bis(1,1-dimethylethyl)-2,5-cyclohexadiene-1,4-dione C14H20O2 26.626 26.583 220 0.38
208 n-Nonadecane C19H40 26.733 26.717 268 0.09
209 3-Eicosene C20H40 26.825 26.783 280 0.03
210 Unknown 26.892 26.850 0.05
211 Pentadecane C15H32 27.001 26.958 212 0.24
212 5,8-Diethyldodecane C16H34 27.100 27.067 226 0.04
213 8-Methyl-2-undecene C12H24 27.192 27.150 168 0.05
214 Unknown 27.200 27.200 0.02
215 2,4-Bis(1,1-dimethylethyl)-phenol C14H22O 27.286 27.225 206 2.82
216 Octadecane C18H38 27.375 27.350 254 0.03
217 2-Methyloctadecane C19H40 27.417 27.383 268 0.23
218 5-Ethylundecane C13H28 27.483 27.458 184 0.05
219 Unknown 27.583 27.533 0.09
220 2,6-Dimethylheptadecane C19H40 27.650 27.608 268 0.14
221 6,9-Dimethyl-tetradecane C16H34 27.675 27.667 226 0.04
222 Nonacosane C29H60 27.725 27.700 408 0.18
223 4-Methylpentadecane C16H34 27.817 27.775 226 0.13
224 Pentacosane C25H52 27.900 27.858 352 0.19
225 5-Methyl-6-methylenedecane C12H24 27.933 27.917 168 0.21
226 3-Methylpentadecane C16H34 28.008 27.983 226 0.21
227 1,1-Dimethoxyheptane C9H20O2 28.083 28.067 160 0.02
228 Unknown 28.142 28.108 0.05
229 Unknown 28.233 28.192 0.36
230 7-Hexadecene C16H32 28.258 28.258 224 0.05
231 1-Hexadecane C16H32 28.388 28.300 224 7.40
232 Hexadecane C17H36 28.435 28.408 240 0.86
233 Unknown 28.492 28.467 0.20
234 6,10,13-Trimethyltetradecanol C17H36O 28.542 28.525 256 0.03
235 Unknown 28.583 28.567 0.13
236 1-Hexadecene C16H32 28.667 28.633 224 0.06
237 Unknown C17H36 28.717 28.683 240 0.04
238 3-Methylhexadecane C17H36 28.758 28.733 240 0.12
239 2,6,10-Trimethylpentadecane C18H38 28.842 28.817 254 0.11
240 Unknown 28.983 28.942 0.44
241 3,3-Diethylpentane C9H20 29.008 29.008 128 0.12
242 7-Propyltridecane C16H34 29.067 29.042 226 0.11
243 4-Methylhexadecane C17H36 29.150 29.100 240 0.15
244 2-Methylhexadecane C17H36 29.236 29.200 240 0.31
245 2-Cyclohexyldecane C16H32 29.283 29.267 224 0.06
246 unknown 29.333 29.308 0.12
247 2,6-Diisopropylnaphthalene C16H20 29.567 29.542 212 0.17
248 3,3-Dimethylbenzo[d,E]isocoumarin C14H12O2 29.692 29.650 212 0.53
249 Eicosane C20H42 29.708 29.692 282 0.90
250 Unknown 29.767 29.733 0.17
251 4,6-Dimethyldodecane C14H30 29.942 29.925 198 0.01
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Table 1 (continued)
Peak Chemical name Chemical structure RT (min) RI (min) MW Abundance (%)
252 Unknown 30.017 29.983 0.10
253 1,2,3,4-Tetrahydro-9,10-dimethylanthracene C16H18 30.092 30.067 210 0.17
254 2-Ethyl-2-methyltridecanol C16H34O 30.142 30.117 242 0.09
255 2-Oxo-tetradecanoic acid, ethyl ester C16H30O3 30.202 30.167 270 0.53
256 6-Methoxy-2-(1-buten-3-yl) naphthalene C15H16O 30.270 30.233 212 0.79
257 Unknown 30.322 30.292 0.60
258 11-(1-Ethylpropyl) heneicosane C26H54 30.375 30.358 366 0.14
259 3-Hexyl-1,1-dimethylcyclopentane C13H26 30.484 30.425 182 0.40
260 2-Hexyl-1-octanol C14H30O 30.550 30.525 214 0.24
261 3-Methylenetridecane C14H28 30.767 30.717 196 0.27
262 1-Docosene C22H44 30.859 30.792 308 4.32
263 Unknown 30.901 30.883 0.30
264 2,6,10,14-Tetramethylhexadecane C20H42 30.942 30.917 282 0.28
265 2-Ethyl-1-decanol C12H26O 30.984 30.958 186 0.20
266 Isopropyl myristate C17H34O2 31.183 31.158 270 0.20
267 5-Propyldecane C13H28 31.342 31.308 184 0.13
268 3,7-Dimethyldecane C12H26 31.517 31.492 170 0.06
269 2-Methyloctadecane C19H40 31.592 31.567 268 0.06
270 Tetratetracontane C44H90 31.683 31.650 618 0.12
271 1,2-Benzenedicarboxylic acid C22H34O4 31.767 31.708 362 0.15
272 Unknown 31.892 31.867 0.04
273 Unknown 32.008 31.967 0.14
274 Unknown 32.125 32.083 0.11
275 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione C17H24O3 32.325 32.267 276 0.26
276 Unknown 32.367 32.325 2.97
277 Methyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate C18H28O3 32.509 32.400 292 1.15
278 2-Methylhexadec-1-ene C17H34 32.708 32.683 238 0.13
279 n-Hexadecanoic acid C16H32O2 32.767 32.733 256 0.08
280 Dibutylphthalate C16H22O4 32.825 32.800 278 0.25
281 Unknown 32.950 32.917 0.08
282 Cycloeicosane C20H40 32.967 32.950 280 0.07
283 3-Eicosene C20H40 33.031 32.992 280 1.91
284 Unknown 33.157 33.117 0.84
285 1-Tridecanol C13H28O 34.017 33.992 200 0.11
286 9,12-Octadecadienoic acid, methyl ester C19H34O2 34.105 34.058 294 0.39
287 10-Octadecadienoic acid, methyl ester C19H36O2 34.171 34.125 296 2.16
288 n-Octadecadienoic acid, methyl ester C19H38O2 34.383 34.350 298 0.20
289 3-Phenyl-3-piperidin-1-yl-propionic acid C18H27NO2 34.525 34.500 289 0.03
290 2,6,11,15-Tetramethyl hexadecane C20H42 34.575 34.550 282 0.02
291 2-Methyl-1-octadecene C19H38 34.708 34.683 266 0.10
292 3-Hydroxy-dodecanoic acid C12H24O3 34.775 34.742 216 0.03
293 3-Methyleneundecane C12H24 34.942 34.908 168 0.07
294 1-Docosene C22H44 34.994 34.958 308 0.62
295 Unknown 35.150 35.133 0.08
296 10-Methyl heptadecanoic acid C19H38O2 36.258 36.233 298 0.02
297 Unknown 36.550 36.533 0.04
298 Unknown 36.708 36.683 0.02
299 Unknown 36.767 36.733 0.02
300 Hexanedioic acid C22H42O4 36.813 36.767 370 0.62
301 Unknown 37.275 37.242 0.03
302 Unknown 37.692 37.667 0.03
303 Di-n-octyl phthalate C24H38O4 38.114 38.067 390 1.19
304 Unknown 38.250 38.217 0.02
305 Unknown 38.483 38.458 0.11
306 Unknown 38.875 38.850 0.02
307 Unknown 39.308 39.275 0.04
308 Unknown 40.158 40.125 0.07
309 Unknown 40.567 40.550 0.01
310 19-[(1-Methylethylidene)amino]
Pregnane-3,20-diol
C24H41NO2 41.158 41.158 375 0.39
311 Unknown 42.283 42.242 0.03
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Table 2 Volatile metabolites identiﬁed from A. niger using methanol solvent.
Peak Chemical name Chemical structure RT (min) RI (min) MW Abundance (%)
1 2-Butanone C4H8O2 5.600 5.525 88 0.07
2 N,N-Dimethylformamide C3H7NO 6.329 6.275 73 0.51
3 2-Butoxy ethanol C6H14O2 7.148 7.083 118 0.80
4 Ethanedioic acid, dimethyl ester C4H6O4 7.277 7.208 118 2.35
5 Acetic acid C2H4O2 7.879 7.858 60 80.00
6 Butanoic acid, methyl ester C5H10O2 8.425 8.383 102 0.05
7 2-Butenedioic acid C6H8O4 9.164 9.117 144 0.18
8 2,3-Butanediol C4H10O2 9.337 9.217 90 0.11
9 Hydracrylic acid, methyl ester C4H8O3 9.567 9.533 104 0.03
10 Pentanoic acid C6H10O3 9.633 9.600 130 0.04
11 Ethyl acetate C4H8O2 9.808 9.775 132 0.07
12 1,3-Butanediol C4H10O2 9.880 9.825 90 4.11
13 Succinic acid, dimethyl butanedioate C6H10O4 9.944 9.908 146 2.27
14 2-Nitroethanol C2H5NO3 10.075 10.050 91 0.04
15 Hexylene glycol, diolane C6H14O2 10.465 10.417 118 0.40
16 Pentanedioic acid, dimethyl pentanedioate C7H12O4 11.308 11.267 160 0.04
17 2,5-Furandione, itaconic anhydride C5H4O3 11.450 11.383 112 0.18
18 3,5-Dimethyl benzaldehyde C9H10O 12.508 12.475 134 0.06
19 2-Phenylethyl ester C10H12O2 12.608 12.575 164 0.03
20 Bisacetylamine C4H7NO2 12.733 12.683 101 0.03
21 1,3-Dioxane-5-methanol C7H14O3 13.400 13.358 146 0.10
22 3-Methyl-butanoic acid C6H12O2 13.600 13.567 116 0.07
23 1,1-Hexylenedioxybutane C10H20O2 13.800 13.783 172 0.03
24 b-Phenethyl alcohol C8H10O 13.853 13.808 122 0.96
25 Benzaldehyde dimethyl acetal C9H12O2 14.350 14.333 152 0.01
26 1-(1H-pyrrol-2-yl) C6H7NO 14.592 14.558 109 0.01
27 Unknown 14.692 14.658 0.02
28 a,b-Dihydroxypropionaldehyde C3H6O3 14.758 14.717 90 0.01
29 Hydroxyl-butanedioic acid C6H10O5 14.927 14.875 162 0.96
30 Benzenesulfonic acid, p-hydroxybenzene sulfonic acid C6H6O4S 15.029 14.975 174 0.17
31 Dimethyl-4-oxoheptane-1,7-dioate C9H14O5 15.123 15.067 202 0.39
32 1-Ethyl-2-methylpropyl ester C8H16O2 15.325 15.283 144 0.08
33 2,3-Dimethylfumaric acid C6H8O4 15.850 15.817 144 0.04
34 a-Ketoadipic acid C6H8O5 15.924 15.883 160 0.22
35 2,5-Hexanedione C6H10O2 16.020 15.967 144 0.36
36 5-Hydroxymethyldihydrofuran-2-one C5H8O3 16.177 16.083 116 0.07
37 Dianhydromannitol C6H10O4 17.442 17.392 146 0.03
38 2,4-Bis(1,1-dimethylethyl phenol C14H22O 18.083 18.050 206 0.07
39 d-Mannitol, 1,4-anhydro C6H12O5 18.345 18.283 168 0.29
40 Unknown 18.417 18.400 0.04
41 2-Ketoglutaric acid C5H6O5 18.616 18.558 146 1.54
42 1-Pyrrolidinamine, N-aminopyrrolidine C4H10N2 18.864 18.817 86 0.12
43 Trimethyl ester C9H14O7 19.049 18.908 234 0.38
44 Fumaric acid, monomethyl ester C5H6O4 19.577 19.533 130 0.78
45 2-Hydroxy-3-methyl-benzoic acid, 2,3-cresotic acid, methyl o-cresotinate C9H10O3 20.092 20.050 166 0.08
46 14,19-Didehydro-16-methylene-, condyfolan C19H22N2 20.475 20.417 278 0.39
47 1-Pyrrolid-2-one, N-carboxyhydrazide C5H9N3O2 20.958 20.908 143 0.03
48 3-Tert-butyl-5-chloro-2-hydroxybenzophenone C17H17ClO2 21.225 21.175 288 0.04
49 Unknown 21.408 21.367 0.03
50 Dibutyl phthalate C16H22O4 21.483 21.442 278 0.06
51 Butanoic acid C7H14O3 22.783 22.775 146 0.04
52 Benzeneacetic acid C9H10O3 23.533 23.467 166 0.42
53 Unknown 24.983 24.908 0.35
54 Unknown 25.425 25.358 0.11
55 Pyrrolo[1,2-a]pyrazine-1,4-dione C11H18N2O2 26.833 26.742 210 0.17
56 Unknown 27.742 27.667 0.18
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254 S. Siddiquee et al.illustrated. The different groups in the compounds separated
using two-column GC–MS, including some cis and trans iso-mers of 1-ethyl-4-methyl-cyclopentane, 1-methyl-2-(4-methyl-
pentyl) cyclopentane, and other volatile compounds, were
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cluded simple aromatic metabolites, terpenes, isocyano metab-
olites, and some polyketides, butenolides, and pyrones. We
identiﬁed approximately 295 volatile compounds in this exper-
iment. None of these compounds have been reported earlier by
any researcher. Only Fiedler et al. (2001) have previously iden-
tiﬁed approximately 150 volatile compounds of A. niger by
using headspace solid-phase microextraction. Kaminski et al.
(1974) have extensively studied the microbial volatile organic
compounds produced by strains of Aspergillus and Pencillium
and identiﬁed volatile compounds such as alkenes, alcohols,
ketones, aldehydes, ethers, esters, and terpenes.
Identiﬁcation of the volatile compounds of A. niger mostly
yielded n-hydrocarbons in the C–C range, with a predomi-
nance of C (Table 1). According to our results, we could iden-
tify alkane hydrocarbons from C7 to C25, with a
predominance of C12–C16 (Fig. 2). These results essentially
differ from data published concerning the alkanes. The content
of C and 7- and 8-methyl-C is dominant and varies from 60%
to 97% of the total hydrocarbons. The determination of vola-
tile compounds by GC–MS is very useful because of its power-
ful separation capability and highly sensitive detection
performance.
4. Conclusions
Morphological observation and analysis of the ITS-1 and -2
regions showed a close relationship of the strain SS10 to
the genus Aspergillus. Molecular identiﬁcation has been
increasingly used as a supplementary tool for traditional sys-
tematic classiﬁcation. The agreement of the classical morpho-
logical identiﬁcation and the molecular analysis in this study
determined that strain SS10 represented a new strain of A.
niger.
Volatile compounds are involved in the multifaceted inter-
actions between ﬁlamentous fungi and their living environ-
ment. Thus, analytical methods for the identiﬁcation of
volatile compounds are the key to studying their formation
and functions in biological interactions. The present study
successfully separated their hydrocarbons and other volatile
compounds by using two different capillary columns with dif-
ferent nonpolar and medium-polar stationary phases. Because
the cultivation of fungi can be carried out directly and the
GC–MS measurement is achieved in a fully programed
way, the presented approach offers an interesting and power-
ful tool for the study of the dynamic range of volatile com-
pounds. Based on speciﬁc criteria, such as mass-spectral
match factors and retention indexes, the application of the
method resulted in the identiﬁcation of more than 295 differ-
ent volatile compounds, which have not been ascribed to A.
niger so far.Acknowledgments
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